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(54) EPITAXIAL WAFER AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high quality GaN epitaxial 
wafer having electric characteristics sufficient for the production of 
blue LED by successively forming a plurality of GaN layers having 
specified thicknesses, respectively, on a substrate comprising a 
cubic semiconductor (111). 

SOLUTION: This epitaxial wafer comprises the first GaN layer 12 
having a thickness of >60 nm, preferably <200 nm, and formed on a 
cubic GaAs semiconductor (111) substrate 1 1 and the second GaN 
epitaxial layer 13 having a thickness of >0.1 |im, preferably <5 jam, 
and formed on the GaN layer 12. The wafer can be produced by 
charging the first gas containing a Ga-containing organic metal 
compound and HCI and the second gas containing NH3 into a 
heated reaction tube, growing a buffer layer on a substrate in the 
reaction tube in the gas phase preferably at a temp, of 400-600°C, 
raising the temperature of the substrate to improve the 
crystallinity of the buffer layer, and subsequently further charging 
the first and second gases into the reaction tube preferably heated 
at a temp, of 850-1 000°C to grow the GaN layer on the buffer 
layer. 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Cubic semi-conductor (11 1) Thickness by which the thickness formed on the substrate and said 
substrate was formed on the 1st GaN layer 60nm or more and the 1st GaN layer Epitaxial wafer characterized 
by having the 2nd GaN layer 0.1 micrometers or more. 

[Claim 2] The epitaxial wafer according to claim 1 with which thickness of said 1st GaN layer is characterized 
by being below 200 nm. 

[Claim 3] The epitaxial wafer according to claim 1 or 2 with which thickness of said 2nd GaN layer is 
characterized by being 5 micrometers or less. 

[Claim 4] Said cubic semi-conductor (111) A substrate is GaAs (111). Epitaxial wafer given in any 1 term of 
claims 1-3 characterized by being a substrate. 

[Claim 5] Said GaAs (111) Epitaxial wafer according to claim 4 with which a substrate is characterized by 
being an Ath page (111) substrate of GaAs. 

[Claim 6] Said GaAs (111) Epitaxial wafer according to claim 1 with which a substrate is characterized by 
being a Bth page (111) substrate of GaAs. 

[Claim 7] The 1st material gas containing the organic metal containing Ga, and HC1, and NH3 The process 
which carries out vapor growth of the buffer layer at the 1st temperature on the substrate which supplied the 2nd 
included material gas within [ which was heated from the outside ] the reaction, and was installed within the 
reaction, The process which raises the temperature of the substrate in which the buffer layer was formed, from 
said 1st temperature, and raises the crystallinity of a buffer layer, The manufacture approach of the epitaxial 
wafer characterized by having the process which said 1st and 2nd material gas is supplied [ process ] within 
[ which was heated by the 2nd temperature higher than said 1st temperature ] a reaction, and grows up a GaN 
layer on said buffer layer. 

[Claim 8] The 1st material gas containing HC1, and NH3 The 2nd included material gas is supplied within 
[ which was heated from the outside ] a reaction. The process which carries out vapor growth of the buffer layer 
at the 1st temperature on the substrate which the metal Ga contained in the container arranged at said section of 
a reaction and HC1 contained in the 1st material gas were made to react, was made to generate GaCl, and was 
installed within [ said ] the reaction, The process which raises the temperature of said substrate in which the 
buffer layer was formed, from said 1st temperature, and raises the crystallinity of a buffer layer, The 
manufacture approach of the epitaxial wafer characterized by having the process which said 1st and 2nd 
material gas is supplied [ process ] within [ which was heated by the 2nd temperature higher than said 1st 
temperature ] a reaction, and grows up a GaN layer on said buffer layer. 

[Claim 9] The approach according to claim 7 or 8 that said 1st temperature is characterized by being below 600 
** more than 400 **. 

[Claim 10] Said 2nd temperature Approach given in any 1 term of claims 7-9 characterized by 850-degree-C or 
more being 1000 degrees C or less. 

[Claim 1 1] It sets at the process which raises the temperature of the substrate in which said buffer layer was 
formed, from said 1st temperature, and raises the crystallinity of a buffer layer, and is NH3. Approach given in 
any 1 term of claims 7-10 characterized by raising the temperature of a substrate, supplying on said substrate. 
[Claim 12] An approach given in any 1 term of claims 7-11 to which the growth rate of said GaN layer is 
characterized by being 4micrometers /or more lOmicrometers/o'clock or less o'clock. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention, It is related with a group's III-V semiconducter epitaxial wafer and its 
manufacture approach. It is related more with a detail at the manufacture approach of a GaN system compound 
semiconductor. 
[0002] 

[Description of the Prior Art] The sectional view of the blue and green semi-conductor light emitting device 
(LED) of a GaN system using the silicon on sapphire marketed by drawing 6 now is shown. On the epitaxial 
wafer with which LED of drawing 6 consisted of silicon on sapphire 1, a GaN buffer layer 2 formed on the 
substrate 1, and a hexagonal GaN epitaxial layer 3 formed on the GaN buffer layer 2, the laminating of the 1st 
cladding layer 4, luminous layer 5, 2nd cladding layer 6, and GaN epitaxial layer 7 is carried out to order, and 
the ohmic electrodes 8 and 9 are arranged at GaN epitaxial layer 3 and 7 top, respectively. In LED of drawing 
6 , the GaN buffer layer 2 is formed in order to ease distortion by the difference of the lattice constant of silicon 
on sapphire 1 and the GaN epitaxial layer 3. 

[0003] Since LED of drawing 6 uses insulating sapphire for the substrate 1, in case it forms an electrode and 
produces a component, it needs to form two sorts of electrodes in the same field side of a substrate. For this 
reason, patterning by the photolithography is required twice or more. Moreover, since it is necessary to etch the 
nitride by reactive ion etching, a production process becomes complicated. Furthermore, since the degree of 
hardness was high, sapphire also had the problem of being hard to deal with it in the case of isolation. 
[0004] Then, it replaces with the sapphire which has such a fault, and the attempt in which conductive GaAs is 
used as a substrate is made. For example, at Journal of Crystal Growth 164 (1996) 149-153 (following reference 
1), it is GaAs (100). Cubic GaN is grown up on a field, however - general - GaAs (100) the cubic grown up on 
the field — as it is in the transmission electron microscope photograph shown in reference 1, GaN has very 
many stacking faults and becomes what has bad quality, this ~ a cubic - GaN is hexagonal — compared with 
GaN, the unstable thing is considered to be the cause. 

[0005] on the other hand — GaAs (111) more stable on a field — hexagonal — the attempt in which GaN is 
grown up is also made, for example, — Journal of Electronic Materials vol.24 No.4 (1995) 213-218 (following 
reference 2) - MOVPE - growth of GaN to the Ath page [ of GaAs by law ] (1 1 1) and Bth page (1 1 1) top of 
GaAs is reported. However, it has not resulted in growth with sufficient property for production of blue LED of 
GaN. this — the epitaxial layer of the semi-conductor light emitting device on the above-mentioned silicon on 
sapphire — MOVPE — growing up at the growth temperature of 1000 degrees C or more by law — receiving — 
the growth temperature of the GaN epitaxial layer of reference 2 - the highest 800 degrees C and a low thing 
are mentioned as a cause. The thing with the low growth temperature of the GaN epitaxial layer of reference 2 
is abbreviation when a GaAs substrate is heated. It is for arsenic with high vapor pressure to fall out at 600 
degrees C. 
[0006] 

[Problem(s) to be Solved by the Invention] As mentioned above, it is GaAs (111) conventionally. It is substrate 
temperature in order to avoid damage by the heat of a GaAs substrate, when carrying out epitaxial growth of the 
hexagonal GaN film to up to a substrate. It was raised only to about 850 degrees C. Consequently, for the 
hexagonal GaN epitaxial film obtained by the conventional organic metal chloride gaseous-phase epitaxial 
method, the carrier concentration of GaN of a non dope is 1x1019 (cm-3). It was high and was not sufficient 
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electrical property for production of blue LED. 

[0007] Then, the purpose of this invention is offering a GaN epitaxial wafer with sufficient electrical property 
for production of blue LED which solved the trouble of the above-mentioned conventional technique and was 
formed on the GaAs semi-conductor substrate, and its manufacture approach. 
[0008] 

[Means for Solving the Problem] If this invention is followed, it is a cubic semi-conductor (111). Thickness by 
which the thickness formed on the substrate and said substrate was formed on the 1st GaN layer 60nm or more 
and the 1st GaN layer The epitaxial wafer characterized by having the 2nd GaN layer 0.1 micrometers or more 
is offered. In the epitaxial wafer of this invention, it is desirable that the thickness of the 1st GaN layer is below 
200 nm, and it is desirable that the thickness of the 2nd GaN layer is 5 micrometers or less. 
[0009] Moreover, with the epitaxial wafer of this invention, it is a cubic semi-conductor (111). A substrate is 
GaAs (111). It is desirable that it is a substrate. GaAs (111) The point from which arsenic cannot escape easily 
when a substrate is an Ath page (111) substrate of GaAs is advantageous, and it is GaAs (111). When a 
substrate is a Bth page (1 1 1) substrate of GaAs, the point which is easy to carry out polish finishing of the front 
face is desirable. 

[0010] The 1st material gas which, on the other hand, contains the organic metal containing Ga, and HC1 in this 
invention, NH3 The process which carries out vapor growth of the buffer layer at the 1st temperature on the 
substrate which supplied the 2nd included material gas within [ which was heated from the outside ] the 
reaction, and was installed within the reaction, The process which raises the temperature of the substrate in 
which the buffer layer was formed, from said 1st temperature, and raises the crystallinity of a buffer layer, Said 
1st and 2nd material gas is supplied within [ which was heated by the 2nd temperature higher than said 1st 
temperature ] a reaction, and the manufacture approach of the epitaxial wafer characterized by having the 
process which grows up a GaN layer on said buffer layer is offered. It is desirable that it is below 600 ** more 
than 400 **, and said 1st temperature is said 2nd temperature. It is desirable that it is [ 850 degrees-C or more ] 
1000 degrees C or less. 

[0011] Moreover, it sets at the process which raises the temperature of the substrate in which the buffer layer 
was formed, from the 1st temperature, and raises the crystallinity of a buffer layer, and is NH3. It is also 
desirable to raise the temperature of a substrate, supplying on said substrate. It is desirable that the growth rate 
of said GaN layer is 4micrometers/o 'clock or more lOmicrometers/o'clock or less on the other hand. 
[0012] 

[Embodiment of the Invention] The epitaxial wafer of this invention is a cubic semi-conductor (111). The 
thickness formed on the substrate is equipped with the 1st GaN layer 60nm or more. This 1st GaN layer serves 
as crystallinity, when the amorphous thing formed at the low temperature of 400 - 600 ** carries out a 
temperature up after that. Therefore, there are many stacking faults and high impurity concentration, such as 
chlorine, hydrogen, and oxygen, is high. Moreover, this 1st GaN layer sets it as the main purposes to protect a 
semi-conductor substrate in a subsequent hot membrane formation process. Therefore, it must be made to grow 
up at the low temperature of 400 - 600 ** which does not hurt its semi-conductor substrate, and it is required to 
be the thickness of 60nm or more. On the other hand, since this 1st GaN layer is grown up at low temperature, 
its growth rate is slow. Therefore, even if it is disadvantageous from the point of manufacture effectiveness to 
form in the thickness more than 200 nm and it forms in the thickness beyond it, the function of semi-conductor 
substrate protection does not very improve. 

[0013] On the other hand, the epitaxial wafer of this invention is the thickness formed on the 1st GaN layer. It 
has the 2nd GaN layer 0.1 micrometers or more. This 2nd GaN layer is the so-called epitaxial layer, and it is 
desirable that thickness is 5 micrometers or less. If the thickness of the 2nd GaN layer exceeds 5 micrometers, a 
crack will arise on the GaN film with stress. 

[0014] The 1st material gas which contains the organic metal containing Ga, and HC1 by the approach of this 
invention, and NH3 The 2nd included material gas is supplied within [ which was heated from the outside ] a 
reaction, and vapor growth of the buffer layer is carried out at the 1st low temperature on the substrate installed 
within the reaction. This buffer layer is not formed as mentioned above for protection of a semi-conductor 
substrate, and is formed at the low temperature of 400 - 600 ** which does not hurt its semi-conductor 
substrate. Moreover, this buffer layer becomes a crystalline thing according to a subsequent temperature up 
process, although it is amorphous immediately after membrane formation. However, as compared with the 
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epitaxial layer behind formed on this buffer layer, it is distinguishable because there are very many stacking 
faults. Therefore, if the approach of this invention is followed, the GaAs substrate for which use was difficult is 
also conventionally usable. In addition, at the temperature up process of a buffer layer, it is NH3. Supplying on 
a substrate is desirable. It can prevent a GaN buffer layer evaporating and sublimating into a temperature up by 
this. 

[0015] On the semi-conductor substrate protected by this buffer layer, a GaN layer is shortly formed at the 
elevated temperature suitable for the epitaxial growth of GaN. 850 or more-degree C this growth temperature 
and 1000 degrees C or less are desirable. A GaN layer is 0.1 although only thickness required for the 
component finally produced is grown up. Under by mum, when it is too thin and 5 micrometers is exceeded, 
there is risk of generating of a crack. 

[0016] Moreover, as for the growth rate of the above-mentioned GaN layer, it is desirable that it is 
4micrometers/o'clock or more lOmicrometers/o 'clock or less. When a growth rate is less than 
4micrometers/o'clock, a substrate may receive damage by heat and a GaN epitaxial film may exfoliate. 
Moreover, if a growth rate exceeds o'clock in lOmicrometers /, the crystallinity of a GaN epitaxial film will get 
worse, and GaN with sufficient electrical property for production of blue LED cannot be obtained. 
[0017] Furthermore, the 1st material gas which contains HC1 in this invention and NH3 The 2nd included 
material gas is supplied within [ which was heated from the outside ] a reaction. The process which carries out 
vapor growth of the buffer layer at the 1st temperature on the substrate which the metal Ga contained in the 
container arranged at said section of a reaction and HC1 contained in the 1st material gas were made to react, 
was made to generate GaCl, and was installed within [ said ] the reaction, The process which raises the 
temperature of said substrate in which the buffer layer was formed, from said 1st temperature, and raises the 
crystallinity of a buffer layer, Said 1st and 2nd material gas is supplied within [ which was heated by the 2nd 
temperature higher than said 1st temperature ] a reaction, and the manufacture approach of the epitaxial wafer 
characterized by having the process which grows up a GaN layer on said buffer layer is offered. This approach 
of this invention is an approach called the so-called hydride gaseous-phase epitaxy (Hydride Vapor Phase 
Epitaxy ;HVPE). In this approach of this invention, it is desirable to hold Metal Ga in a quartz boat and to 
always be maintained more than 800 **. Moreover, it is desirable to blow the 1st material gas containing HC1 
into the quartz boat with which Metal Ga was held, and to generate GaCl. 
[0018] 
[Example] 

Example 1 drawing 4 is drawing showing the outline configuration of usable vapor growth equipment to 
manufacture the epitaxial wafer of this invention by the approach of this invention. The equipment of drawing 4 
is equipped with the reaction chamber 54 of a quartz which has the 1st gas inlet 51, 2nd gas inlet 52, and 
exhaust port 53, and the resistance heating heater 55 for heating the whole inside of a chamber from the exterior 
of this reaction chamber 54. Moreover, the substrate holder 56 is formed in a reaction chamber 54, and a 
substrate 57 is carried on it. 

[0019] The epitaxial wafer of this invention was produced by the approach of this invention as follows using 
above equipment. First, the Ath page (111) substrate 57 of GaAs was carried in the substrate holder 56 in a 
reaction chamber 54. Next, the whole inside of a chamber 54 is heated from the exterior at the resistance 
heating heater 55, and it is about a substrate 57. In the condition of having held at 450 degrees C, it is a partial 
pressure about the 1st gas inlet 51 to TMG. 6.4xl0-4atm It is a partial pressure about a hydrogen chloride. 
6.4xl0-4atm It introduces and they are 0.1 latm(s) about ammonia gas (NIB) as a V group raw material from 
the 2nd gas inlet 52. It introduced. Hydrogen gas was used as carrier gas. On such conditions, membrane 
formation is performed for 30 minutes, and it is thickness. The lOOnm GaN buffer layer was formed. 
[0020] next, the temperature of the substrate 57 with which the GaN buffer layer was formed in this way - NH3 
Partial pressure O.llatm ** — the ambient atmosphere to say — resistance heating heater 55 TMG, HC1, and 
NH3 after carrying out a temperature up to 900 degrees C a partial pressure - respectively - 2.4x10-3 — atm, 
2.4xl0-3atm, and O.llatm ** - on the conditions to say, membrane formation was performed for 30 minutes. 
[0021] Consequently, the GaN epitaxial layer of the shape of a mirror plane with a thickness of 3 micrometers 
was formed on the buffer layer. The growth rate was 6micrometers/o'clock. The sectional view of the obtained 
epitaxial wafer is shown in drawing 1 . The epitaxial wafer of drawing 1 is equipped with the 1st GaN layer 12 
with high high impurity concentration, and the 2nd GaN layer 13 by which the laminating was carried out on it 
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on the Ath page (1 1 1) substrate 1 1 of GaAs. hexagonal as a result of X diffraction measurement ~ the peak of 
GaN is observed and the 2nd GaN layer 13 is hexagonal - consisting of GaN(s) was checked. When the 
electrical property was searched for by Hall measurement, they were n mold carrier concentration 1x1017 (cm- 
3) and electron mobility 500 (cm2/VS). 

[0022] The transmission electron microscope photograph of the cross section of the epitaxial wafer obtained by 
drawing 2 is shown. A part with much about 1/4 striping is a part which was a buffer layer from under drawing 
2 , and this striping shows a stacking fault. That is, after epitaxial wafer completion has many stacking faults, 
and can distinguish easily the part which was a buffer layer. Moreover, the result of the secondary ion mass 
spectroscopy (SIMS) of the epitaxial wafer obtained by drawing 3 is shown. As for the part which was the 
buffer layer of the epitaxial wafer of this invention, the high impurity concentration of hydrogen, oxygen, 
chlorine, etc. is high so that drawing 3 may show. This is because the buffer layer was grown up at low 
temperature. 5xl021-/cm3 and hydrogen become 4xl019-/cm3, and, as for high impurity concentration, oxygen 
may become [ chlorine ] 1.5xl019-/cm3. In the above-mentioned example, although the Ath page (111) 
substrate of GaAs was used, even when an epitaxial wafer was produced on the same conditions using the Bth 
page (111) substrate of GaAs, although there was an inclination which film peeling tends [ a little ] to generate, 
the GaN layer of an almost equivalent property was obtained. 

[0023] The outline configuration of usable hydride gaseous-phase epitaxy equipment is shown in manufacturing 
the epitaxial wafer of this invention by the approach of this invention to example 2 drawing 5 . The equipment 
of drawing 5 is equipped with the reaction chamber 54 of a quartz which has the 1st gas inlet 51, 2nd gas inlet 
52, and exhaust port 53, and the resistance heating heater 55 for heating the whole inside of a chamber from the 
exterior of this reaction chamber 54. It is arranged so that the material gas with which the quartz boat 58 which 
contained the metal Ga59 was introduced into the upper part in a reaction chamber 54 from the 1st gas inlet 51 
may be blown into a quartz boat 58. Furthermore in a reaction chamber 54, the substrate holder 56 is formed, 
and a substrate 57 is carried on it. 

[0024] In this example, the epitaxial wafer of this invention was produced by the approach of this invention as 
follows using above equipment. First, the metal Ga59 was contained in the quartz boat 58, and the Ath page 
(1 1 1) substrate 57 of GaAs was carried in the substrate holder 56 in a reaction chamber 54. Next, the whole 
inside of a chamber 54 is heated from the exterior at the resistance heating heater 55, and it is about a substrate 
57 in a metal Ga59 more than 800 **. In the condition of having held at 500 degrees C, it is the 1st gas inlet 51 
to hydrogen chloride gas (HC1). Partial pressure 6.4xl0-4atm From the 2nd gas inlet 52, they are 0.1 latm(s) 
about ammonia gas (NH3) as a V group raw material. It introduced. Hydrogen gas was used as carrier gas. HC1 
gas was blown into the quartz boat 58, it reacted with the metal Ga59, GaCl was generated, and GaCl was 
carried to the lower stream of a river of a chamber 54. Membranes were formed on such conditions and the GaN 
buffer layer was formed. Supply of HC1 gas was stopped in the place where the GaN buffer layer became 90nm 
in thickness, and growth of a buffer layer was stopped. 

[0025] Next, it is the temperature of the substrate 57 with which the GaN buffer layer was formed in this way 
NH3 It is by the resistance heating heater 55, passing. After carrying out a temperature up to 980 degrees C, 
supply of HC1 gas was started again and the GaN epitaxial layer was grown up on the GaN buffer layer. HC1 
and NH3 A partial pressure is each. 2.4xl0-3atm and 0.1 latm Membranes were formed by being the conditions 
to say. For substrate temperature, a GaAs substrate is NH3 although at least about 1030 degrees C of membrane 
formation are possible. Since it reacts with gas and is damaged violently, 1000 degrees C or less are desirable. 
[0026] It is supply of HC1 when a GaN layer grows up into about 4 micrometers A stop and NH3 It cools 
passing. In this way, the GaN epitaxial layer of the shape of a mirror plane with a thickness of 4 micrometers 
was formed on the buffer layer. According to SIMS analysis, unlike the thing of an example 1, the carbon 
impurity was below limit of detection. When the electrical property was searched for by Hall measurement, n 
mold carrier concentration 1x1018 (cm-3), electron mobility 250 (cm2/VS), and X-ray half-value width are 
about 5.2. It was a part. 

[0027] Since the difference in the GaN epitaxial layer growth by the difference in example of comparison 1 
buffer layer thickness was compared, after forming a 30nm buffer layer on the Ath page (111) substrate 1 of 
GaAs, the GaN epitaxial layer was formed. In addition, the growth conditions of buffer layers other than buffer 
layer thickness and an epitaxial layer were made into an example 1 and these conditions. Consequently, the 
GaN film on a GaAs substrate exfoliated completely. 
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[0028] Since the difference in the GaN epitaxial layer growth by the difference in example of comparison 2 
growth rate was compared, the GaN epitaxial layer was formed by growth rate 3 micrometer/h. in order to 
change a growth rate by the input of TMG — this example of a comparison ~ raw materials TMG, HC1, and 
NH3 a partial pressure — respectively — 4.8x10-4 — atm, 4.8 xl0-4atm, and O.llatm it is . In addition, the 
growth conditions of buffer layers other than the raw material partial pressure at the time of epitaxial layer 
growth and an epitaxial layer were made into an example 1 and these conditions. Consequently, the GaN film 
on a GaAs substrate exfoliated completely. 

[0029] Since the difference in the GaN epitaxial layer growth by the difference in example of comparison 3 
growth temperature was compared, the GaN epitaxial layer was formed by growth temperature 800 **. In 
addition, the growth conditions of buffer layers other than the growth temperature of an epitaxial layer and an 
epitaxial layer were made into an example 1 and these conditions. Consequently, the GaN epitaxial layer 13 of 
the shape of a mirror plane with a thickness of 3 micrometers was formed on the buffer layer 12. hexagonal as a 
result of X diffraction measurement — the peak of GaN is observed and the GaN epitaxial layer 13 is hexagonal 
— consisting of GaN(s) was checked. When the electrical property was searched for by Hall measurement, they 
were n mold carrier concentration 1x1019 (cm-3) and electron mobility 100 (cm2/VS). 
[0030] 

[Effect of the Invention] According to [ as explained above ] this invention, it is a cubic semi-conductor (111). 
It becomes possible to manufacture the GaN epitaxial wafer of sufficient high quality for production of blue 
LED on a substrate. GaAs (111) etc. ~ by using a substrate, isolation is easier than before and blue LED which 
can also form electric contact easily is obtained. 
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36* (jim) 
[Drawing 4] 
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(54) immoZftl XW^5/t^xA*irtt-©«l*ft 
(57) [gift] 

GaNH±£»j£Silfc*S" 0.1/xmJ3Lh<OiB2«;aNJl 




(2) 

1 

C^^^^JP^^^naiLt^ 1 OGaNfllk . 35 1 <7) 
GaN m±lZ&&$ tcfc&Z 0AumO±.cr>m2(nGaNm 

[ff^S2 ] fulfil 1 <9GaNJf <0^SjJp\ 200 nmETF 

tj>& - k £#ak-r£ii££JS i oaiMW*^ 

/l^x^v 

T'*^-^^ : m5^"r^it* 3 Si^^i2tciaaoxe 10 

[it**4] trea^j^NWKin) »s#. gbab<i , 
id aotiii t tiww 1-3^^ 

[|§*3g5] fuifiGaAs(lll) £K&*. GaAs(lll) A® 
S^wl^x^. 

[|t*«6] UEGaAs(lll) WSifi. GaAs(lll) Bffi 
a^JU^x^. 20 

[ mra 7 1 Ga*^**£«*5 j: v hci **tr ss 1 

OJgCfitfxk. NH3 S:*tr»2^1BH^Sr*MS53&»i?> 

k. Ay7r®*®«L^^co^*BU^l^iaJS 

k. M^lfcJ:t^2^JHfi^Srluffi*l^afti 
0 fc IS v 2 coiBJgfciJnS&S tufeR*G»rt L . B? 
K/<v 7 r«±fc:GaNJg£jfc&3*£Xek *«i & £ 
k^ttak^xtr^^r^y^x^voMS^pffi. 30 
[|f^3l8] HCl^tf^lOJ^^Xk. NH 3 £ 

^JgGak^ 1 0«»XfX*C*4*lfcHCl k 

ltf>arcA^7rJISrSttH*«5*&xak. a' 7 7 
r JI^JSLfctuIB^^^^BulB^ 1 OSUEft>&± 
#3*-CAy7rli^fttt&l«a±S**Xgk. fiflS 
JfS 1 tj ir«B2tf5lBH^rx*t»EW 1 coagJ: 0 

2 ^iSJS^^^ix^^^rt^^ L „ 7 40 

[ff^js 9 1 neffi i osjka*. 400 t$i±6oo xaa 

TC» 6 - k t«r«k 7 4 fctt 8 izidMtt 

[BWSI10] MB»2^BSE4« 850°cm±100<rCOT 
T*4 CI k Sr#ffik-r4ii^JS7— 9*Hvtfhj&» 1 Eft: 
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iS-BrSXefcfct^T. NH 3 $:luSS«±^et|&L^ 

^^>s«^afiS:±#$-fr&*ik *#att sit^a7 

10/z m/«f£l'PC»* - k Sr^tak-r&ii^7— 11^) 

v ^-nxfr i «£etta«s£. 

[000 1] 
[0002] 

(LED) (DSmmi^t. i6^LEDIi, t7r>f 
TSJglk. «Rl±fc:»*S*l3feGaN^7T«2 
k. GaN^y7rJi2±WB*3ilfc^A^GaNxtr 
^#^^Jl3kT««Sn3txt:^^7^xi'N± 
tr. KS4. 5BtS5. SS2<?)^^KJf 

6*5it«5aNXt:^^^;UJi73^Jlifc:WH**lGaNX 

9****L^ftEfi3*tT^4. 06OLEDm^T 
ii. GaN^-y^rJi2tt. t7r^TS«l kGaNXtT 

&>tzmfbtiT^&. 

[00 03] i60LEDIl ttMHx^W^T^f T£S 
ZLCDfztb. 7*hVW?7 JlzX&J*?——^? 

ifi2mJ3Lk&zi'Ci>&. £fz. aat^vx^fy/ 

T\ S^«to|g^IX0«^(c<v^kv^Hat>fco 

[ooo4] -e^-c. ^^.td ^rx^^^rr s-^w 

TfclfCiT. ®SttcOGaAs^*SkbTSffl^i>kV^ 
IS^'^T^ixTV^^. tzhtli Journal of Crystal Gro 
wthl64 (1996) 149-153 (J21T30R1 ) Ttt. GaAs(lOO) 

ffljife:A^rft^GaNt*s$-rci^6. l^l^t** 

HRtCGaAs(lOO) ffi±tC«*§-fr^^t6-SGaN(±. 
^1 K*S*LT^*«M«^»««^fc»* J: 3 

^i^ B H H GaN<±7^TSGaN(Clt^. ^SStftilk 

^SHk#^^>ixTt^o 

[0005] — GaAs(lll) ffii^. i O^^A* 

^Journal of Electronic Materials vol.24 No. 4 (199 
5) 213-218 (OT*lK2) TttMOVPEffi^iSGaAs 
(111) Affi±, GaAs(lll) Buf±^^7)GaNCO^^^S 



(3) 

3 

Jf #M OVPE^:i^ TlOOO^J^Lho^agT^ft 
ZtlXlhcDX'fohCOlzm^ !^2<7>GaNXtr?3r>-V 

JgjWElv7>li. GaAsS«£Jn^~r& h ft 600°CT'^ 
[0006] 1° 

As(lll) SfiOi^^B^aNISSrXtf^^^ir^fi^ 
-£&*§£\ GaAsSS^^i:^S«$:ieft^^. S« 
850T3SJgiT'L^±ff t>tV&fr^X:. 

GaN^^yraaEVlXlO 19 (or 3 ) h^<.#feL 
E D ofm^+^^m^^^i^r^o . 
[00071 ^^-C*5HB^BWii. _LISfi£^S«^ 
HjftfciHfcU GaAs^f^BLL^^^ix^. #feL 20 

[0008] 

iwl3Lt^»l^«aNJik. *l<0GaNJiJife:»«Silfc 
0.1//mU±(5O|g2<7)GaNBh$:(ii.^«r t £#® 

W^S^/l^x^tfe* Sltf)GaNJBtf>ff§ 

£>\ 200 nda"FC**-^3&<«F*L<- »2<0GaN«<0 30 

5 jtx mjaTC* £ t ##4 L I 
[0 0 0 9] 4fc. ^JHBcoxtr^^r^^^x^NT 
£*&¥3MfcUll> GaAs(lll) MFC** 

U\. GaAs(lll) GaAs(lll) A®S 

GaAs(lll) GaAs(lll)BHS«T**>&«^tC: 

[0010] — *«8Ct5VYa4. Ga£#trff®& 
«i>J:VHCl**tr»10lS(S^k. NH 3 **t*SI 

2^s#x£fl^^ 40 

£SttHJfcfi$**Xgi:. '**7r«fc#rtLfc**W> 

tt£r6]±£-tM>XfMt. BufB^l^J:t/^2c0Jg^'X 
£15E851tf»SJ&i 0fcl^«2^iW(cJi(SS*ufeR 

iISfcSr«i&^h*1*ai:'f-«xe^^>'ir/^x 

iifi^i^agJi. 400 x: 

tt 850-CfeUil000X:mTr& & £ £ ##4 L V 50 
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[0011] 4*:. ^'y^r^5r^b3tS«^aS5r 

^r^XSCc^uT. NH 3 »MeXKJiK:fttftt 3 Qnb r 6 
»R^>aft*±#S*6^fcfc**tv^ — 3u lolBGa 
N Ji*3tifcR«K**4 m/«fJaJilOjLt m/^iaTT'i>l> 

[0012] 

:fldfrft¥**<lll> J?S#60nmfcl 
±OSgl<^GaNJg£fili_&o :^il^aNilt 400 

ot, mmxM&$><. tti. wmzct'co 

te#>3:VMO0 —600 xrofiST^^-fr^ttLtf^fe 

c0^1^0GaN®<4. fi^-C^^^^^TK^a^^l 
v\ Sot, 200 iwl^^«Sfc»l^*ikll«3H» 

[0013] — J5\ *5|HHc7)xe^^f S^H^x'Mi. 
31 1 (7)GaNm±^m^tifzm^ 0.1^mJUJL<7D3S2<D 
GaNS^^rfiSx^. ^COf^CDGaNJfli. V^b*9>&Xtf 

4LV\, §g2^aNJ10®£#5/zm£jg;t&fc. JE* 

[0014] *3SfflO^Tffi"C«±. Ga£*trtT«AifcB ± 
VHCl**0*l<7)lHSXrxi:. NH 3 S:^Om20M 

u^<y7ritt. 
fL^iOGaNy^^^rS^'^S^^^. 

[0015] ^ r mxum 2 tvtz^mim^ 

{Z^ ^SiiGa N <7)X b° ^ L fcitrtSTGa 

N»t»«^*. i«o*«iBK«. swrcJaJiioocrcfel 
jarjss^tass-frs**. 0.1 jLcm*»r«iw-ry. 5 
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[0016] zfz. ±m^G^m<o^mm^ 4 um 

-PGaN £ ipX^^\ 

[0017]$^>^ HCi**trSBl«« 
NH 3 *^0^20^J^S:^*^Mft 

^Srt^^^^^J^ah^lcoJ^^x^^ix^ 
HClh£^£*TGaCl£4Lj£2-ti\ 

^ 1 «Kfrfel#3*t^ y 7 ri^fitti fa± 

{£*&U fra^ y^r«±^GaNS$r^^^Xgi: 

HSfflxe^^ry (Hydride Vapor Phase Epitax 

y ; h v p e ) t miixh^mrrh h . *micoz <n}5 

(-800 WJLlzmztLZ Z t LV^ HCl£r 
-g-tf ^ 1 tf>Jgm#x Sr^RGasWRW^ix^:^^- h fc: 

[00 183 
[SISfeM] 

H4«. *^^at*^xe^ ^ y^;^ x a 30 
*>#X*AP52*5 J: V««P53t*rt-ira£OJH6f-'V 

[00 193 JJBc^aSrJBWC . OT^Oi 3 

SK^^^^54rtOSK^^56^GaAs(lll) Affi 40 

6.4XlO" 4 atB T\ «ft**S:#flE 6.4Xl0- 4 atn 
XU fB2«0^*AP52*>^ttVKB(fifcLTry* 
Z7#X (NH3)*0.11atn t^AUc, ^U7#X 
fcLTU**#x*JBvvfc. £Oi33r*frT\ 304HS 
j£R£fTV\ ^£ lOOna^aNA^rJl^jSLfc. 

[0 0 20] ^cOi5^GaN/^v7rS3Wgfi£$ 
ft/£S«57tf>iSJg£. NH3 O^BEO.llatm £V^#ffl 50 
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arc. jsisaiflRt-^-55fe:j:D 9oox:£t#sl*: 

TMG. HCU NHs ^ES^il-fil 2.4X10*3 
atm . 2.4X10"3atB „ O.llatm t^O&flrX\ 30*HS 

[002 1 3 ^OJ&PL A'77rl±C ff$3/zmC0 
MH^cOGaNXt^^r^^^^^^^* f&g3ffl£ 

GaAs(in) Ammmi±ttmmmj)^^m 1 o 

GaNJfl2h. -ec7)±t2ae$ix^m2cOGaN«13?:ii^ 
X«HJ5f«S^S. 7^B B H GaNc7)t-^^S»$ 
*U &2COGaKMl3iittF&aKX^fR2tLX^&Zlt 

nm^-rVrmmiXlOn (cm 3 ) . «^I&Jg500(ci» 

Ws ) X'h->tz« 

[0022]12^ #£;to£xe^^rt^x;v7) 

T*ofcgfcJHi. xt;?*S^;U^x^^fifcf&fc«JI$: 
P6^<. ^(c^O^TigT'S)^. 2*:. S3 
ix^xf^^r^^^x/^z:»:>f (SI 
MS ) cofem^r^o H3*^fc**4 X o . *%HJfc9x 
tf 9 * 5" -v x ; < >y ^ r JIT'S> o 3t gp#J i*^. 

&2^5Xl02i/cm3^ 7k^4Xl0 19 /cm3. 
^l.SXlO^/c^^-r^^fctfc^o ±lficO^SfiWT' 
^ GaAs(lll) AmmfcZfflSLtltiK GaAs(lll) Bffi 

t>(^(5(3rR^)^ttcOGaN^^^iX^ 
[0 02 3 3 ^te«2 

P5K ^2^X^AP52iBj:tXSfmP53$r^r^53? 
*ffiz.h« RJE^^^^rt^iSWi. ^JgGa59SrJtX 

[00243 #mmx'\^ i&crgmzm^x. kit 

<r>£ d^^m^x^^<r>^9^^)V^7^\ 

^Uc, fcf. 5^'-b58rt(C^mGa59SrlKtt 
L. R|B^^^^4rt<7>^R^;Ur56(CGaAs(lll) Affi 

»Kf^^«4fti**»ftLT, ^SGa59S:800 *C 
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AP51*^fiibk^^ (HCl) 6.4xlO-4 a tm 
Ttf* (NH3)£0.11atm T'SAL^« *A-OT#*t 
Ifc^S^ft. &JgGa59£^LTGaCl£4£j£U GaClte 
firVV GaNA^rJfSrJgflcL*:,. GaNA 7 7rl^S 

[0025]»:(:, Z(D£olZ(kiNJ<v7Ymifif&JtL£ 
tlfzmmicO&JgZ . NHs £g£L*:££T\ filing* 
t-^-55(CJ:D 980^^^^^^. SJSHCltfX 

HCK NH 3 ^JEtt-tii-Pii 2.4 
XlO^ata . O.llatn b^O0kfrX\ iSJK^fi^*:. S 
«SJS«103(rc^JgT^^K^iET^^>^\ GaAsSfc 

^xhRKLratt<^^^T\ laxrca 

T#«F£ LA*. 

[0026] GaNJi#j»4iLtmfcr««Lfc4>. HClC7)« 20 
*;Wi**»JKS*tfc:. SIMS**ffcJ:*fcj8il*!l^ 

^cotim^omm^ummitim^&TX'h-yti. m 

1 X10 18 (cbt3) . S^mg250(coiVVs ) . Xgf 
ffiHJiift5.2 ftXh->tz. 

[0027] imm i 

jt&ti&m&tt'^tltb* GaAs(lll) A®SS1CO±^30 30 
n^A'77rS^«ll^, GaNXtT^^^Jf 

fz. 

[0028] itmi2 

j£ftHJgtf>3^ ± SGaNX tT^^r /PBjfc^HM 

-t&tzfr. #JtRflK*l2L MTMG, HCl. NH 3 <D 40 
#ffl±^*l-fiX4.8Xl0- 4 atm „ 4.8 Xl0- 4 atm . 0.11a 

0ilfcH*fN:Lfc. ^tf)*£3l. GaAsgJ£±?)GaN£?te 
[00291 it&093 

Srit^Sfctf). GaNxt^S^Nf £{&gS^800 °C 

J< y 7 rJf > Xb7^ is*!Vm<nf&^m±$8fcM It 50 
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&0ifr^£<Ogi5L ?^llGaNOt-*J&W»3*U Ga 

t&mtztrfi. fmm:Ztonmjiiiz£*)&#>tztz 
znm^vvrmmi xio 19 (cm-3) % s^amoo 

(cmVVs ) Xfo->tz„ 
[0030] 

MIp a pf^Nxe^^y^»)iA^|tr^i: 
GaAs(lll) J; 

[si ] *mi<wtizmmi*^?*is*w*s\ 
[^2 ] ^wm^t^m^i^^^^^^^^ 

[03 ] *M^^*l^*xe^yt^xA 

[04 ] *«wo*irc. *?HK)xe^*^/^ 

[05] *38Wtf>2rffi"C. *%B«<7)Xtr^ 

[06] Saw#fe5B^^O^^^Kffi0T'* 

[flr^tf)ia9I] 

1 t7r^7i« 

2 GaNA' 7 7rl 

3 GaNXf^4r^;H 

4 ? 5 >y KB 

6 ? ^ x KB 

7 =2>?7hm 
8 

9 3j— 5*y^^® 

11 GaAsSSC 

12 miCOGa^m 

13 GaNXtf^^ri/^;^ 

51 f&icotf^mxn 

52 ^2^'X^AP 

53 St^P 

54 RSf^yA' 

55 ecan^b^^ 

56 *t±7* 

si mm 

58 



59 £JgGa 
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